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SKIN SURFACE LIPID COMPOSITION, ACNE, PUBERTAL DEVELOPMENT, AND 
URINARY EXCRETION OF TESTOSTERONE AND 17-KETOSTEROIDS IN 
CHILDREN 
PETER E . POCHJ , M.D., JoHN 8. STRAuss, M.D. , AND DoNALD T. DowNING, PH.D. 
Department of Dermatology, Boston University School of Medicine and the Evans Memorial Department of 
Clinical R esearch, University Hospital, Boston , Massachusetts, U.S. A . 
Fifty-two children, age 5-10, from acne-prone families, were studied for a period of 1 year 
to examine the interrelationship between sebum, acne, pubertal development, and urinary 
steroid excretion. 
In each of the subjects, 30 boys and 22 girls. the composition of forehead skin lipid was 
determined 4 times yearly by thin-layer chromatography, with measurement of triglycer-
ides, diglycerides, free fatty acids, wax esters, squalene, cholesterol , and cholesterol esters. 
Twice yearly, examination was made of the presence or absence of acne, pubertal 
maturation and the 24-hour urinary excretion of testosterone as determined by radioimmu-
noassay. and of total 17-ketosteroids, dehydroepiandrosterone, androsterone, and etiocho-
lanolone, as determined by paper chromatography. 
The relative amount of sebaceous lipids was positively correlated with age of the subjects 
(wax esters p < .001, squalene p < .05), as was the triglyceride-diglyceride component (p < 
.05). No significant correlation was seen with the fatty acids. Acne, primarily comedonal, 
occurred in 27/52 subjects (15 girls, 12 boys) and was associated with higher sebum values. 
One-half of the children with acne had no signs of pubertal development. A significantly 
positive correlation was observed between the relative amount of sebaceous lipid and the 
urinary excretion of 17-ketosteroids, androsterone, and etiocholanolone in both sexes, and 
of testosterone and dehydroepiandrosterone in boys. 
The development of acne in children is an early pubertal event, often evident before 
other signs of pubertal maturation, and it is associated with an increase in sebum and in 
the urinary excretion of androgenic steroids. 
Epidemiologic surveys have revealed that acne, 
although chiefly a disorder of adolescence. may be 
detected in 25% or more of children before the age 
of 10 ll-4], by which time sebaceous gland devel-
opment has already begun 15]. This suggests that 
the occurrence of acne is relaled to this early 
sebarche. While other lines of evidence indicate 
an interrelationship between sebaceous glands 
and acne 16], there is no proof that sebaceous 
gland development is indispensable for its occur-
rence. 
To provide further insight into this relationship. 
we undertook the present study in which children 
were examined, as part of a long-term prospective 
survey, for the presence of acne and its relation to 
the degree of sebaceous gland and pubertal matu-
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ration. In addition. urinary androgens were mea-
sured to observe whether the sebaceous glands 
are dependent for their early development on 
androgen. · 
MATERIALS AND METHODS 
Fifty-two children. 30 boys and 22 girls, from acne-
prone families were examined periodically for a period 
of 1 yeaL The subjects' average age of entry into the 
study was 7.6 years (range 5.0 to 9.9) for the boys and 
8.1 years (range 5.4 to 10.8) for the girls. 
Four times yearly, skin surface lipid was collected 
from the forehead of each subject. Collection was made 
by rubbing a soft hexane-soaked polyurethane sponge 
over the forehead surface for a few seconds. Determi-
nation of the individual components of the skin surface 
lipid was made by thin-layer chromatographic separa-
tion and photodensitometric quantitation 17]. The lipid 
classes identified included triglycerides, diglycerides, 
free fatty acids. wax esters, squalene, cholesterol, and 
cholesterol esters. Skin surface lipid is a mixture of 
sebaceous and epidermal Lipid, the compositions of 
which differ from one another [8]. As sebum secretion 
begins to increase in childhood. the relative amount of 
wax esters and squalene, which are of sebaceous origin, 
increases, whereas the proportion of sterols a nd sterol 
esters, which are epidermal lipids, shows a relative 
decrement [5]. 
Twice yearly, the children were examined for the 
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presence or absence of acne. The distribution was noted 
(face, back, and chest) and the type of acne recorded as 
either comedonal, inflammatory, or both, with each 
type graded separately on a scale of 1 to 5, based on 
lesion counts, viz: 
grade 1: fewer than 6 lesions 
grade 2: 6-15lesions 
grade 3: 16-30 lesions 
grade 4: 31-50 lesions 
grade 5: greater than 50 lesions 
Twice yearly, the subjects were also examined for 
signs of pubertal development. according to the classi-
fication of Tanner [9]. The following characteristics 
were recorded: axillary hair, pubic hair, genital devel-
opment (males only) and breast development (females 
only). Except for axillary hair, which was listed as 
either present or absent, the physical signs were graded 
on Tanner's scale of 1 to 5. Stage 1 designates the 
individual characteristics as being infantile or absent, 
with stages 2 to 5 indicating progressive pubertal 
development. 
Twenty-four hour urine specimens were also col-
lected twice yearly for analysis of testosterone and of 
total and individual 17-ketosteroids. These were done 
in 43 of the 52 children in the study. In 6 of the 43 
subjects, only a single collection was made. Total 17-
ketosteroids and three individual 17-ketosteroids-de-
hydroepiandrosterone, androsterone, and etiocholano-
lone- were determined in each sample by paper chro-
matography, as described by Roberts. Bush , and Gibree 
[10]. 
Testosterone levels in the urine were measured by 
radioimmunoassay (RIA) using the New England Nu-
clear RIA-Pac procedure. Urine samples were hydro-
lyzed enzymatically at 47"C for 16 hours with ,B-glucu-
ronidase in a 2 M , pH 4.5 buffer. After addition of 
1,23 [H] tritiated testosterone tracer, samples were pur-
ified by column chromatography on a Sephadex LH-20 
column. Elution with an iso-octane:benzene:methanol 
mixture, 90:5:5 (V:V:V:), effectively separates testoster-
one from dihydrotestosterone, the latter of which cross-
reacts extensively with the antiserum used for this 
RIA analysis. Aliquots of the testosterone containing 
fraction were then assayed for recovery studies and 
quantitation by standard RIA analysis, with the use of 
antiserum prepared in rabbits against testosterone. 
Dextran-coated charcoal was used to separate bound 
and free testosterone. 
RESULTS 
Skin Surface Lipid Studies 
Table I shows the forehead surface lipid compo-
sition of the chjldren in thjs study, arranged by 
age groupings. Shown are the average values of 
the first two quarterly collections (I) and of the 
last two quarterly collections (ll). * A significantly 
positive correlation was observed between the age 
of the subjects and the relative amount of wax 
esters (p < .001) and of squalene (p < .05) and a 
significantly negative correlation with cholesterol 
and cholesterol esters (p < .001). These observa-
tions were similar to results obtained previously 
* The data were examined in this way so as to 
minimize variation which could result from develop-
mental changes over a 12-month period and to provide 
more appropriate comparison of the lipid values with 
other examinations and measurements which, as noted 
above, were accomplished twice yearly. 
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in a cross-sectional study of a smaller group of 
children [5]; however, in the present study, a 
positive correlation was also observed for triglyc-
erides and diglycerides (p < .05). There were no 
significant differences with age in the relative 
amounts of the free fatty acids. 
Table ll indicates the amount of sebaceous lipid 
relative to epidermal lipid [wax esters/(cholesterol 
+ cholesterol esters)] on the forehead of these 
children, designated by age and sex. Girls in the 
5-6 age group had sebaceous/epidermal lipid ratios 
that were 4 to 5 times higher, on average, than 
those of similarly aged boys. In the older age 
groups, however , there were no definitive differ-
ences between the sexes. 
Acne 
Acne was found to be present at one or both of 
the twice yearly examinations in 27 of the 52 
children, or 52%. It occurred only on the face. 
Comedones were invariably present, with 20 chil-
dren showing grade 1, 5 children grade 2, and 2 
chlldren grade 3 changes. Small inflammatory 
papules were detected in 8 children (7 girls. one 
boy) with all but one showing grade 1 counts, i. e., 
fewer than 6 lesions. Two of these 8 cases were 6-
year-old children (both girls ). In Table III the 
lipid composition values, again arranged by age 
groups, are compared with the presence or absence 
of acne. No statistically significant differences 
could be established between the acne and non-
acne subjects for any of the lipid classes examined. 
However, in each age group, the wax esters/(cho-
TABLE I. Skin surface lipid composition (o/c.J by age 
groups 
Lipid class Age Age 5-6 7-8 
Triglycerides & diglycer- )" 46.4 50.7 
ides 
II" 49.9 51.5 
Free fatty acids I 9.2 11.2 
II 7.7 9.7 
Wax esters I 9.0 14.3 
[] 8.8 15.5 
Squalene I 7.1 8.7 
II 7.7 8.9 
Cholesterol & cholesterol I 24.8 14.7 
esters 
u 25.6 14.1 
" Average of first 2 quarterly collections. 
'' Average oflast 2 quarterly collections. 
Age 
9-10 
53.5 
55.5 
8.2 
5.6 
19.0 
20.3 
10.2 
10.4 
8.8 
7.9 
TABLE Il. Wax esters/( cholesterol +cholesterol esters) 
ratios by age and sex 
Sex Age 5-6 Age 7-8 
Boys I" 0.25 1.42 
lib 0.19 1.49 
Girls I 0.94 1.54 
II 1.30 1.68 
" Average of first 2 quarterly collections. 
b Average of last 2 quarterly collections. 
Age 9-10 
2.51 
3.30 
2.90 
2.99 
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TABLE III. Skin surface lipid compositon(%) in acne us. normal subjects 
Age 5-6 Age 7-8 Age 9-10 
Lipid class Acne Normal Acne Normal Acne Normal 
No. subjects 7 8 11 13 9 4 
Triglycerides & diglycerides 1" 48.4 44.8 49.6 51.7 55.2 49.7 
no 47.1 52.4 50.0 52.9 55.0 57.2 
Free fatty acids I 8.5 9.9 10.2 12.0 6.3 12.4 
II 10.5 5.4 9.2 10.2 6.1 4.5 
Wax esters I 9.6 8.5 15.9 13.1 20.1 16.3 
II 9.2 8.6 16.8 14.6 21.3 18.1 
Squalene I 8.0 6.4 9.9 7.7 10.2 10.2 
II 8.5 7.2 9.9 8.1 10.2 10.9 
Cholesterol & cholesterol esters I 25.5 24.2 14.3 15.1 8.0 10.8 
II 24.7 26.4 14.2 14.2 7.4 9.3 
Wax esters/(cholesterol + cholesterol estersr I 0.69 0.47 1.75 1.20 2.89 2.43 
II 0.83 0.60 1.73 1.38 3.48 2.28 
" Average of first 2 quarterly collections. 
b Average of last 2 quarterly collections. 
r Average of ratios calculated for each individual subject. 
!estero] + cholesterol esters) ratio was higher in 
the acne subjects, as compared to those without 
acne, the difference being least for the 5-6 age 
group and greatest for the 9-10 age group. Failure 
to show statistical validation of these differences 
is probably related to the small numbers of sub-
jects compared and to intersubject variability. 
Pubertal Development 
Table IV indicates the stage of pubertal devel-
opment encountered and comparison with the in-
cidence of acne. Terminal axillary hairs were not 
present in any subject. Nor was there any degree 
of puberta l genital development observed in the 
boys. Pubic hair was noted in 9 of 20 boys and in 
10 of 22 girls. Breast development had begun in 8 
of 22 girls. Acne was present in 27 of the 52 
subjects and could be encountered even when 
other signs of puberty were lacking. 
Urinary S teroid Excretion 
Analysis of the 24-hour w·inary excretion of 
testosterone and of total 17-ketosteroids and indi-
vidual 17-ketosteroidg ( dehydroepiandrosterone, 
androsterone, and etiocholanolone) in 43 subjects 
showed an increase with age except for dehydroe-
piandrosterone (Table V). Dehydroepiandroster-
one was not detectable in the urines of subjects 
age 5 and 6 and only in small amounts in older 
children. By comparison, androsterone and etioch-
olanolone were excreted in very much larger quan-
tities, with a progressive increase with age. There 
were no statistically significant sex differences in 
the excretion of any of the steroids studied; the 
seemingly higher value, 81.0 p.g, for dehydropian-
drosterone in boys age 9 and 10, was unduly 
weighted by a value of 257.7 p.g in the oldest of 
the five boys in this group. 
Table VI shows a statistical comparison between 
the urinary excretion of these androgenic steroids 
and the wax esters/(cholesterol + cholesterol es-
ters) ratio (based on the average of the last two 
TABLE IV. Pubertal manifestations and acne 
Number of subjects 
Physical sign Boys Girls 
Acne No Acne No acne acne 
Axillary hair 
Stage 1" 12/12 18/18 15/15 7/7 
Pubic hair 
Stage 1• 9/12 12/18 7/15 5/7 
Stage 2 3/12 6/18 8!15 217 
Genital development 
Stage 11' 12/12 18/18 
Breast development 
Stage 1" 9/15 5/7 
Stage 2 5/15 217 
Stage 3 1/15 017 
• Absent 
b Infantile 
quarterly sebum collections obtained in each sub-
ject). Statistically significant positive correlations 
could be established between the excretion of the 
total 17-ketosteroids, of androsterone, and of 
etiocholanolone, and the amount of sebum, ex-
pressed as the wax esters/(cholesterol + choles-
terol esters) ratio. A positive correlation for testos-
terone and dehydroepiandrosterone was found 
only for boys. 
DISCUSSION 
The fmding of minor degrees of acne in one-half 
of the children, age 5-10, examined in the present 
study is in general agreement with published 
reports of the incidence of acne in children. By 
the age of 10, 25-60% of children randomly sw·-
veyed showed evidence of disease (1-4). Such acne 
was very minimal in degree and extent and was 
invariably comedonal; no children were affected 
with inflammatory lesions before the age of 10 
[1,2,4]. In our group of subjects, however, of the 8 
children found to have inflammatory acne, 3 were 
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TABLE V. Urinary steroid excretion (mean ±standard error) 
Steroid Se.x Age 5-6 Age 7-8 Age 9-10 
Testosterone, 
p.g/24 hr 
Boys 0.62 ± 0.13 1.13±0.14 1.64 ± 0.17 
1.63 ± 0.26 
1.96 ± 0.36 
1.53 ± 0.12 
81.0 ± 69.4 
Girls 0.55 ± 0.10 1.27 ± 0.30 
Total 17-ketosteroids, 
mg/24 hr 
Dehydroepiandrosterone, 
1-Lg/24 hr 
Androsterone, 
Boys 0.59 ± 0.11 1.25 ± 0.25 
Girls 0.61 ± 0.13 1.14 ± 0.17 
Boys 0 8.0 ± 5.3 
Girls 0 5.5 ± 1.9 
Boys 19.8 ± 11.7 104.6 ± 20.0 
6.8 ± 2.4 
261.0 ± 116.7 
339.0 ± 58.0 
256.1 ± 83.4 
168.7 ± 29.2 
p.g/24 hr 
Etiocholanolone, 
Girls 52.6 ± 19.2 158.1 ± 56.0 
Boys 18.0 ± 12.3 89.8 ± 17.7 
/-Lg/24 hr Girls 43.8 ± 12.3 91.8 ± 29.9 
TABLE VI. Statistical comparison of urinary steroid 
excretion and sebaceous lipid (wax esters/( cholesterol + 
cholesterol esters) ratio] 
Steroid 
Correlation coefficient (p value) 
Boys (N = 241 Girls (N = 19) 
Testosterone .623 ( <.01) .308 (N.S. ) 
Total 17-ketosteroids .595 (<.01) .544 (<.02) 
Debydroepiandros- .804 (<.001) .370 (N.S.) 
terone 
Androsterone .875 t < .001) . 767 ( < .001) 
Etiocholanolone .836 (<.001) .685 ( <.01) 
under the age of 10, with 2 of them only 6 years of 
age. Selection of our subjects from acne-prone 
families may well explain these differences con-
cerning inflammatory acne at this age. Conceiva-
bly, some prognostic significance may ultimately 
become apparent from these observations. 
The results of the lipid composition analyses 
indicated that the relative proportion of sebaceous 
lipids relative to epidermal lipids on the forehead 
was higher in the subjects with acne in each age 
group studied, with the disparity between the 
acne vs. the normal groups increasing with age. 
In the youngest age group (age 5 and 6), girls had 
more sebaceous lipid than boys, but this difference 
disappeared with increasing age. Of all of the 
lipid class constituents, only the free fatty acid 
fraction showed no proportional change with age. 
Since free fatty acid formation is presumed to 
result from the intrafollicuJar hydrolysis of sebum 
triglycerides by Propionibacterium acnes (P . 
acnes), the report by Matta [11] that quantitative 
counts of P. acnes from the forehead did not 
increase significantly between the ages of 5 and 
10 is consistent with our observation of no change 
in fatty acid content. It is noteworthy that P . 
acnes organisms were not recoverable in more 
than 60% of children of these ages (111, although 
free fatty acids are always present in their surface 
lipid. This may mean that either bacterial hydrol-
ysis of sebum triglycerides is not the sole mecha-
nism whereby fatty acids are generated or that 
the technique of surface sampling of bacteria does 
not detect intrafollicular P. acnes when they are 
present in very small numbers. The latter expla-
nation is the more likely one. Of interest also is 
that we could not demonstrate fatty acid differ-
ences between the acne and nonacne groups of 
subjects, suggesting that P. acnes counts in these 
two groups would not differ either, although Ley-
den et al demonstrated in older children, age 11-
15, a striking increase in P. acnes counts in acne 
patients, as compared to normal subjects [12]. 
Pubertal manifestations of genital and breast 
development and of axillary and pubic hair were 
frequently absent when sebaceous gland develop-
ment was evident, even when acne was present. 
The measurement of surface lipid composition 
may, therefore afford a potential marker for indi-
cating the very ear 1 y onset of puberty. 
In view of the known androgen-sensitive nature 
of the sebaceous glands, the stimulus for seba-
ceous gland development, even at this early stage 
in childhood is presumed to be androgenic. In the 
present study we observed in both boys and girls 
an increase in the urinary output of androgens 
with increasing age. Correlation anaJyses dis-
closed statistically significant positive correlations 
between the excretion of these steroids and the 
relative amount of skin surface sebaceous lipids, 
except for testosterone and dehydroepiandroster-
one in girls. As the quantity of testosterone formed 
at these ages is exceedingly low, its biologic signif-
icance at this stage of development is uncertain. 
The amount of dehydroepiandrosterone excreted 
at all age levels was lower than had been expected. 
While studies have reported values similar to 
those encountered here 113,14], other investigators 
have found larger amounts of dehydroepiandros-
terone [15,16]. The values, however , have been 
invariably lower by as much as two-thirds of the 
quantity of either androsterone or etiocholano-
lone. These latter two 17-ketosteroids, like dehy-
droepiandrosterone, are principally of adrenocort-
kal origin, even in adults, and their increased 
secretion in mid- to late childhood, as demon-
strated in this study, suggests that the increase 
in sebaceous gland activity which occurs at this 
time also, is a consequence of adrenarche. It is 
tempting to speculate that the higher sebum ratios 
found in the girls age 5-6 is a reflection of the 
demonstrated higher levels of androsterone and 
etiocholanolone. Although these ci!l steroids are 
weak androgens, the sebaceous glands at this 
stage of development may be responsive to the 
weakest of androgenic stimulation . 
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